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A fractional loading scheme is used to improve the spectral efficiency of a cellular system, and therefore increase the number of 
users that the system can support. The fractional loading scheme allows only a fraction of the total number of available communication 
channels within each cell to be used simultaneously. Thus, each cell is deliberately underloaded to operate at less than its full capacity. 
The underloading of the individual cells reduces the spectral efficiency within each cell. However, the underloading of each cell means 
that there will be fewer interfering users at any given time so that the co-channel interference is reduced. This reduction in co-channel 
interference allows the reuse distance between co-channel cells to be reduced thereby increasing the reuse of frequencies throughout the 
system resulting in an increase in spectral efficiency in the system as a whole. 
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' WO 98/16029 ^ ^ PCT/US97/17801 

METHOD FOR IMPROVING CO-CHANNEL 
INTERFERENCE IN A CELLULAR SYSTEM 

Field Of The Invention 

The present invention relates to cellular radio systems and more particularly to 
cellular arrangements and frequency plans for reducing co-channel interference in a 
cellular system. 

Background Of The Invention 

Traditionally, satellite systems use a single beam to cover a large geographic 
area. Within the coverage area, each carrier frequency is used only once. In 1995, the 
American Mobile Satellite Communications System became operational. This system 
uses a few spot beams to cover the continental United States, Alaska, and Hawaii. 
However, no two carrier frequencies are used simultaneously in the system. Since the 
available bandwidth limits the number of available channels, traditional satellite 
systems cannot support a large number of users. 

In cellular communication systems, frequency reuse plans allow the same 
frequency to be used more than once within the system. Rather than use a single high 
power transmitter to cover a large geographic area, cellular systems employ a large 
number of low-power transmitters which broadcast a signal in relatively small 
geographic areas referred to as cells. Each cell may be only a few miles across, and 
theoretically could be as small as a few city blocks. By reducing the coverage area of 
the transmitter and creating a large number of cells, it is possible to reuse the same 
frequency in different cells. Thus, a single frequency may be used multiple times 
throughout the entire cellular system to increase caller capacity. For example, assume 
that a particular geographic region is served by a single high-powered transmitter 
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having ten frequency channels. The system would be able to handle only ten 
simultaneous calls. The eleventh caller would be blocked because no other channels 
are available. If the same geographic region is divided into 100 cells and the same 
frequencies could be used in all cells, then 1,000 simultaneous calls could be 
supported. This cellular approach can be used in satellite systems to increase system 
capacity. 

Unfortunately, immediate reuse of all available frequencies in adjacent cells is 
not practical because of co-channel interference. The actual boundaries of cells in the 
real world are ill-defined and subject to constant changes due to signal fluctuations. 
Thus, the coverage area in adjacent cells overlap and intermingle. A vehicle operating 
near the boundary of a cell would be in an ambiguous zone where the signal strength 
from two adjacent cells using the same frequency is roughly equal. This balanced 
zone or interference zone makes communications difficult. The mobile unit would lock 
first onto one transmission, then the other, as the signal strength from the transmitters 
in adjacent cells fluctuates. This constant hopping between transmissions would make 
communication impossible. 

To avoid the problem of co-channel interference, cells operating on the same 
frequency are spatially separated so that the mobile unit operating within a cell 
receives the desired signal at a higher level than any potential interfering signal from 
co-channel cells. Cells operating at different frequencies are placed between any two 
co-channel ceils. Thus, the mobile unit will change frequencies during hand-off as it 
approaches a cell boundary before entering the interference zone between any two co- 
channel cells. 
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In general, thepower of any interfering signal diminishes with increasing 
distance between interfering users. A carrier frequency can be reused if the 
interference level is reduced sufficiently by separation between the co-channel calls. 
The interference level is measured by the carrier power to interference power ratio, C/l. 
The C/l ratio is the primary criteria used in designing frequency reuse plans. 

From the foregoing, it should be apparent that the number of times a given 
frequency can be reused in a system is related to the separation distance or reuse 
distance between any two co-channel ceils. Developing new frequency allocation 
plans which reduce the co-channel interference allowing greater reuse of frequencies 
without sacrificing signal quality would result in greater system capacity. 



The present invention provides a frequency allocation plan for improving the 
spectral efficiency of a cellular system, and therefore increasing the number of users 
which the system can support. The method for allocating frequencies is based on the 
concept of fractional loading of cells within the system. The fractional loading 
technique is used to reduce co-channel interference thereby allowing reuse distances 
between co-channel cells to be reduced. By reducing the reuse distance, the same 
carrier frequency can be used more often to increase the spectral efficiency of the 
system as a whole. 

According to the present invention, each cell within a cellular communication 
system is allocated a group of carrier frequencies. A multiple access scheme is used 
to divide the available carrier frequencies in each cell into a plurality of distinct 
communication channels. In the preferred embodiment of the invention, time division 



Summary of the Invention 
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multiple access is used. Each carrier frequency is divided into a number of time slots 
with each slot representing a distinct communication channel within the cell. Within 
each cell a fractional loading scheme is used to assign the available communication 
channels to individual users at call setup. The fractional loading scheme allows only a 
fraction of the total number of available communication channels within each cell to be 
used simultaneously. Thus, each ceil is deliberately underloaded to operate at less 
than its full capacity. The underloading of the individual cells reduces the spectral 
efficiency within each cell. However, the underloading of each cell means that there 
will be fewer interfering users at any given time so that the co-channel interference is 
reduced. This reduction in co-channel interference allows the reuse distance between 
co-channel cells to be reduced thereby increasing the reuse of frequencies throughout 
the system resulting in an increase in spectral efficiency in the system as a whole. 

A variety of fractional loading schemes can be used to assign frequencies to 
individual users within each cell. The simplest fractional loading scheme is to establish 
a maximum number of simultaneous users for each cell or carrier frequency. Once the 
threshold is reached, any additional users are blocked. Alternately, a signal quality 
test can be used to determine whether to allocate additional frequencies once the 
threshold is reached. A test signal is transmitted on an available channel before the 
channel is assigned. After transmitting the test signal, the quality of the test signal 
and/or its effect on the communication channels already in use in co-channel cells can 
be measured. If the test signal does not degrade signal quality, then the channel can 
be assigned. 
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in another aspect of the present invention, the available communication channel 
within each cell may be randomly assigned. Alternately, communication channels can 
be assigned to minimize, as much as possible, the use of each communication 
channel at any given time among all co-channel cells. For each available 
communication channel, the total number of users in all co-channel cells for that 
particular channel is determined. The channel with the least number of users 
considering co-channel cells is assigned. 

Other objects and advantages of the present invention will become apparent 
and obvious from a study of the following description and the accompanying drawings 
which are merely illustrative of such invention. 

Brief Description Of The Drawings 

Figure 1 is an illustration of a multiple-beam satellite communication system. 

Figure 2 is a diagram of the cell layout for a cellular communication system 
having a plurality of hexagonally packed cells. 

Figure 3 is a diagram representing a single carrier frequency in a TDMA 
system. 

Figure 4 is a graph of the carrier to interference ratio as a function of code rate. 
Figure 5 is a graph of a typical antenna discrimination pattern for a satellite 
antenna. 

Figure 6 is a graph of the relationship between the carrier-to-interference ratio 
and the effect of fractional loading in a 7-cell cellular system with 6 interferes; 

Figure 7 is a graph of the relationship between the carrier-to-interference ratio 
and the effect of fractional loading in a 7-cell cellular system with 18 interferes; 
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Figure 8 is a flow diagram illustrating how the available communication 
channels are assigned in a fractional loading scheme. 



Referring now to the drawings, and particularly to Figure 1, a satellite 
communication system is shown therein and indicated generally by the numeral 100. 
The satellite communication system 100 includes one or more satellites 110 having 
multiple beam antennas 120 which project a plurality of spot beams onto the surface of 
the earth which cover a designated geographic area. Preferably, the system includes 
100 or more spot beams which provide a communication medium for communications 
between earth stations. The earth station may be a fixed station 130 or a mobile 
station 140. The fixed station 130 may, for example, be a mobile services switching 
center (MSC) which provides an interface between the satellite communication system 
100 and the Public Switched Telephone Network (PSTN). Calls between two earth 
stations, either fixed or mobile, are transmitted via the satellite 110. Switching circuits 
aboard the satellite 110 allow calls originating in one spot beam to be transmitted to an 
earth station in another spot beam. In systems that use more than one satellite, the 
connection may be made via cross link between two or more satellites 110. 

The satellite communication system 100 resembles a land-based mobile cellular 
communication system. The spot beams projected onto the earth's surface are 
analogous to the cells of a land-based cellular system. The satellite 110 is analogous 
to a base station which serves as the mobile units interface to the communication 
network. However, unlike land-based cellular systems, a single satellite can serve as a 
base station for multiple spot beams or cells. 



Detailed Description Of The Invention 
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Similar to land-based cellular systems, the satellite communication system 100 
employs the concept of frequency reuse to increase the spectral efficiency of the 
system. Frequency reuse means that the same frequency may be used 
simultaneously in different cells or spot beams within the communication network. 
Quite obviously, the ability to reuse the same frequencies many times within a 
communication system has great potential for increasing the spectral efficiency of the 
system. An increase in spectral efficiency means that a greater number of 
simultaneous users can be supported. Spectral efficiency is measured in terms of 
user's per Mhz per km 2 or users per Mhz per cell. 

Referring now to Figure 2. a 7-cell reuse plan is shown. As in a conventional 
cellular system, the available frequencies used for communication are sub-divided into 
frequency groups which are then allocated in a way to reduce co-channel interference. 
The frequency groups are assigned to cells so that adjacent cells do not use the same 
frequency group. The frequency allocation scheme is called a reuse pattern. Cells to 
which the same frequency has been assigned are called co-channel cells. Co-channel 
cells are spatially separated from one another to reduce co-channel interference. The 
cells are grouped into clusters which includes one cell from each frequency group. 

Within each cell or spot beam, a multiple access scheme is used to allocate 
communication channels to individual user stations. For example, frequency-division 
multiple access (FDMA), time-division multiple access (TDMA), or code-division 
multiple access (CDMA) can be used. In the present invention, TDMA is used. The 
TDMA scheme has been standardized by the electronics industry association (IEA) 
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and the telecommunication industry association (TIA) as IS-54, which is incorporated 
herein by reference. 

Figure 3 is an illustration of a TDMA carrier. In TDMA, each carrier frequency is 
divided into a series of frames which are further subdivided into time slots. The frames 
repeat at a fixed interval of time. In the preferred embodiment of the invention, each 
frame is divided into 16 time slots. Each time slot represents a distinct communication 
channel which can support a single user station. When a call is established, each user 
station is assigned a distinct time slot during which the user station transmits and 
receives voice or data in short bursts. The burst transmissions must take place in the 
assigned time slot so as not to interfere with the transmission from other user stations 
using a different time slot in the same carrier frequency. Thus, there may be 16 users 
assigned to each carrier frequency. 

The reuse pattern chosen for a cellular system (either land based or satellite 
based) effects both the amount of co-channel interference experienced and the system 
capacity. For example, a four-cell reuse pattern will improve spectral efficiency as 
compared to a seven-cell reuse pattern. In a four-cell reuse pattern, the same 
frequency can be used in one of every four cells. In a seven-cell reuse pattern, the 
same frequency is used in one of every seven cells. Assuming that the number and 
size of cells is fixed, a four-cell reuse pattern will increase spectral efficiency by 
approximately seventy-five percent. However, the co-channel cells in a four-cell 
pattern will be closer to one another than the co-channel cells in a seven-cell reuse 
pattern. Thus, a four-cell reuse pattern increases the amount of co-channel 
interference that will be experienced. 
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The carrier to interference ratio C/l is the fundamentaTparameter in calculations 
of reuse factors. In system design, co-channel interference must be addressed from 
two perspectives. First, the required C/l needed so that the degradation in Eg/N 0 is 
less than a specified value must be determined. The ratio Eg/N 0 represents the energy 
per information bit over the noise spectral density. Second, the system must be 
designed so that the actual C/l experienced due to co-channel interference is above 
the minimum required C/l a predetermined percentage of the time. 

The C/l that is required such that the ratio Ee/N 0 does not degrade substantially 
can be derived as follows. The composite E[/(N 0 + l 0 ) can be written as: 



\\. + la 



fB] '' (BY 



(1) 



Since E B = C/R B , l D = l/BW, and BW=R t /(mR), equation 1 can be rewritten as: 



N„ + Id 



£»V ( C "- [ 



ImR 



(2) 



where m is the modulation order and R is the effective code rate. For QPSK , the 
modulation order m = 2. Solving equation 2 for C/l produces the following expression: 



-J = 2 * R * 
I ' mo 



Eh | I Lh 



Nn+f,. 



N( 



(3) 



The minimum required C/l which results in maximum degradation in Eg/N 0 is given by 
the following expression (in dB): 
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c 

— \iti:o = 1 0 log 



10- 



10 



h- lOlog/? -f- 3 (4) 



In Figure 4, Equation 4 is plotted for probable losses of 0.5, 1, 2, and 3 decibels as a 
function of channel code rate. The required Eq/N 0 for BER -10' 3 for different code 
rates was obtained from Clark and Cain for a Rice factor K = 6. The values for Eq/N 0 
are 6.7 dB for a code rate of 1 , 3.9 dB for a code rate of 3/4, 3.5 dB for a code rate of 
2/3, 3.0 dB for a code rate of 1/2, 2.6 dB for a code rate of 1/3, and 2.3 dB for a code 
rate of 1/4. A reasonable operating point is therefore a C/l of 10.5 to 12.5 dB which 
allows the use of either a 1/2 rate or 1/3 rate code with a loss due to co-channel 
interference no greater than 0.5 dB. 

Once the minimum required C/l is determined, the cell layout and reuse pattern 
is designed so that the actual C/l experienced will exceed the minimum required C/l. 
In conventional mobile cellular systems (both land-based and satellite-based), the cell 
layout and frequency allocation is designed to obtain the minimum required C/l under 
fully loaded conditions. That is the calculation of re-use distances assumes that all 
available channels will be in use simultaneously. The present invention departs from 
this prior art practice. A fractional loading technique is used to reduce co-channel 
interference thereby allowing reuse distances between co-channel cells to be 
reduced. By reducing the reuse distance, the same carrier frequency can be used 
more often to increase the spectral efficiency of the system as a whole. 
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A computer simulation of a satellite communication system has been used to 
demonstrate the fractional loading technique. The actual C/l for a satellite 
communication system can be mathematically described by the following equation: 



where N is the total number of co-channel interferes, Ant dis is the antenna 
discrimination between the user and the i-th interferes and tfP, is the difference in — - 

between the user and the i-th interferes The antenna discrimination is a measure of 
the ability of the antenna to reject signals that are received off-axis to the antenna 
boresight. A typical antenna discrimination pattern is shown in Figure 5. As seen in 
Figure 5, the relative gain as the distance or angle from the antenna boresight 
increase, declines non-monotonically and includes a number of side lobes. The side 
lobes can result in the reception of interfering signals in an unwanted direction. 

The expression in equation 5 was used to model a satellite communication 
system having 61 cells in a hexagonally packed beam pattern. Each beam is assumed 
to result from a uniformly illuminated circular aperture. All beams were uniformly 
loaded. Depending on the location of the user within a beam, the power for that user 
was modulated so that all users within a beam have equal power at the ground for the 
forward-link, and conversely, equal received signal strengths at the satellite for the 
return link. Users were randomly placed within 25% of the crossover distance from the 
center of a beam. 
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Table 1 belovv^a summary of the simulation shovv^ the relationship between 
C/l and the crossover distance. For this simulation, the co-channel interference from 
60 interfering users was assumed. The cross-over distances between adjacent beams 
was varied between 2 dB and 10 dB. The results indicate that a cross-over distance of 
about 4.5 dB yields the highest C/l for the 98th percentile case, and is nearly optimum 
for the mean, 90th, and 95th percentile cases. It also indicates that without DTX, rate 
1/3 channel coding or more is required to meet a requirement of 0.5 dB loss due to co- 
channel interference. 



TABLE 1 



C/i 

1 1 leaf 1 


90% 


95% 


98% 


DTX 


Slow 
PC 


PC 
Err. 


Cross. 
Dist. 


0.1 


-0.5 


-0.7 


-1.0 


NO 


YES 


NO 


2.0dB 


2.4 


1.7 


1.4 


1.2 


NO 


YES 


NO 


2.5dB 


6.9 


5.6 


5.2 


5.0 


NO 


YES 


NO 


3.0dB 


11.2 


9.2 


8.8 


8.4 


NO 


YES 


NO 


3.5dB 


10.7 


10.3 


10.1 


10.0 


NO 


YES 


NO 


4.0dB 


10.5 


10.0 


9.8 


9.5 


NO 


YES 


NO 


4.5dB 


10.1 


9.4 


9.3 


9.0 


NO 


YES 


NO 


5.0dB 


9.7 


9.0 


8.9 


8.6 


NO 


YES 


NO 


6.0dB 


9.5 


8.8 


8.7 


8.5 


NO 


YES 


NO 


6.5dB 


9.4 


9.9 


8.9 


8.7 


NO 


YES 


NO 


7.5dB 


9.7 


9.3 


9.2 


9.0 


NO 


YES 


NO 


10.0dB 
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Figure 6 is a graph showing the effect of fractionalroading on C/l for a 7-cell 
pattern with 18 interfering clusters based upon a computer simulation. Figure 7 is a 
graph showing the effect of fractional loading on C/l for a 7-cell pattern with 6 
interfering clusters based on a computer simulation. These graphs show a peak in the 
C/l at a normalized reuse distance of approximately 2. There are circumstances where 
this peak in the C/l can be used advantageously to increase the spectral efficiency of 
the system by fractional loading the cells. For example, referring to Figure 6, assume 
that a C/l of at least 12 is required to maintain acceptable signal quality. If the system 
is fully loaded at 100% of capacity, then a normalized reuse distance of approximately 
3.3 is required. However, a minimum C/l of 12 can also be obtained at a normalized 
reuse distance of 2.0 by loading the cell at 62.5% of its full capacity. That is, if it is 
assumed that no more than 62.5% of the available channels in any given cell will be 
used simultaneously then the reuse distance can be reduced from 3.3 to 2.0. The 
fractional loading in a cell results in a loss of spectral efficiency in that cell. However, 
that loss is offset by a gain in the spectral efficiency of the system as a whole resulting 
from a reduction in the reuse distance between co-channel cells. In many cases, the 
gain attributable to a reduction of the reuse distance will exceed the loss attributable to 
the fractional loading of the cells. In such cases, the fractional loading of the cells can 
result in greater spectral efficiency overall. 

As an example, assume that a 7-cell reuse pattern is required in a fully loaded 
system because of co-channel interference. The underloading of carrier frequencies 
would reduce the spectral efficiency within a carrier but would result in fewer interferes 
and consequently a higher total C/l when all interferes are considered. Assume that 
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the reduction in C/l resulting from a 75% load would allow a 4-cell reuse pattern. The 
net result would be a 31% increase in spectral efficiency throughout the system. 

There are a number of different ways to implement the fractional loading 
technique in the satellite communication system of the present invention. The simplest 
technique is to randomly assign the available time slots in a TDMA carrier frequency 
until a predetermined maximum loading level is reached. For example, if a maximum 
loading level of 75% is established and there are 16 available time slots in each carrier 
frequency, then only 12 of the available time slots will be assigned at any given time. 
Thus, at any given moment in time, there will be at least four unused time slots. 

A slightly more complex technique involves the use of a signal quality test to 
determine whether additional frequencies can be assigned after the predetermined 
threshold has been reached. The satellite can determine whether to assign additional 
channels by transmitting a test signal on one of the available channels and measuring 
the quality of the test signal. If the quality of the test signal is at an acceptable level, 
then the channel can be allocated. Instead of measuring the quality of the test signal, 
the effect of the test signal on the channels already in use could also be measured. If 
the signal quality in the channels already in use in co-channel cells remains at an 
acceptable level during transmission of the test signal, then the channel may be 
assigned. This process allows some flexibility in the allocation of communication 
channels above the predetermined threshold and can increase spectral efficiency. 

Figure 8 is a flow diagram of the decision process for determining whether to 
allocate a new channel. After a request is received for a communication channel 
(block 200), it is determined whether the number of channels already in use meet a 
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predetermined threshed (block 202). If the number of users^ less than the threshold, 
then a new channel is allocated (block 204). If not. a signal quality test is conducted 
(block 206). If the outcome of the signal quality meets certain predetermined criteria 
.i.e. the test is passed (block208), then a new channel is allocated to the user (block 
204). If the signal quality test is failed (block 208) then access is denied (block 210). 

Rather than randomly assign the communication channels within a cell, an 
adaptive allocation can be made to minimize, as much as possible, the 
disproportionate use of one particular channel in a group of two channel cells to 
minimize co-channel interference. One example of adaptive allocation would be to 
assign channels in a cell based on the usage rate of that channel in all co-channel 
cells. For example, when a communication channel is requested by a user, the 
available channels in that cell are determined. The next step is to determine which of 
the available channels is being least used considering all co-channel cells. The 
channel which is being least used when all co-channel cells are considered is 
assigned. Other adaptive allocation schemes where channel allocation is made 
according to pre-determined criteria will occur to those skilled in the art. 

The present invention may, of course, be carried out in other specific ways than 
those herein set forth without departing from the spirit and essential characteristics of the 
invention. For example, the particular dimensions used in describing the prototype of the 
convection oven built according to the present invention are not intended to limit the 
scope of the claims, but are provided only as examples. The present embodiments are, 
therefore, to be considered in all respects as illustrative and not restrictive, and all 
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intended to be embraced therein. 
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CLAIMS 



What is Claimed Is: 

1. A method for reducing co-channel interference in a cellular radio 
communication having a plurality of cells, comprising: 

(a) allocating the available carrier frequencies within the system to said cell 
with each carrier frequency providing one or more distinct communication 
channels so that a plurality of communication channels are available in 
each cell; and 

(b) establishing a fractional loading scheme for selected cells so that the 
maximum number of channels used at any given time in the selected 
cells is less than the total number of available channels in the selected 
cells. 

2. The method of claim 1 further including the step of spacing co-channel 
cells in said cellular communication system to obtain a minimum carrier power to 
interference power ratio (C/l) based on said fractional loading scheme for the selected 
cells. 

3. The method according to claim 1 wherein the available communication 
channels in the fractionally loaded cells are assigned at random. 

4. The method according to claim 1 wherein the assignment of 
communication channels in the fractionally loaded ceils is made to minimize the 
simultaneous use of the communication channel in ail co-channel cells. 

5. The method according to claim 1 further including the step of establishing 
a threshold for the total number of simultaneous users in each cell. 
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6. The method according to claim 5 further including the step of denying 
access when the threshold is reached. 

7. The method according to claim 5 further including the step of transmitting 
a test signal on an unused channel when the threshold is reached and performing a 
signal quality test to determine whether additional channels should be assigned. 

8. The method according to claim 7 wherein said signal quality test 
comprises testing the signal quality on the test channel. 

9. The method according to claim 7 wherein said signal quality test 
comprises testing the effect of the test signal on a channel already in use. 

10. A cellular radio communication system comprising: 

(a) a plurality of cells, each cell being assigned one or more carrier 
frequencies which provide a plurality of distinct communication channels 
in each cell; 

(b) said plurality of cells including at least one fractionally load cell in which 
the maximum number of channels in use at any given time is less than 
the total number of available channels in said cells. 

11. The cellular radio communication system according to claim 10 wherein 
the assignment of communication channels in the fractionally-loaded cells is made at 
random. 

12. The cellular communication system according to claim 10 wherein the 
assignment of communication channels in the fractionally-loaded cells is made to 
minimize the simultaneous use of the communication channels in all co-channel cells. 
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13. The cellular radio communication system according to claim 10 wherein a 
predetermined threshold is established for the total number of users in the fractionally- 
load cell which is less than the total number of the available channels. 

14. The cellular radio communication system according to claim 13 wherein 
the assignment of communication channels to users is blocked when the 
predetermined threshold is reached. 

15. The cellular radio communication system according to claim 13 wherein 
the assignment of communication channels to users once said predetermined 
threshold is reached is based on a signal quality test 

16 The cellular radio communication system according to claim 15 wherein 
the signal quality test comprises transmitting a test signal on an available channel and 
measuring the signal quality of the test signal. 

17. The cellular radio communication system according to claim 15 wherein 
the signal quality test comprises transmitting a test signal on an available channel and 
measuring the effect of the test signal on other user's assigned the same channel in 
other co-channel cells. 

18. A method for increasing the number of users in a multiple beam satellite 
communication system having a plurality of spot beams comprising the steps of: 

(a) assigning the available carrier frequencies within the system to said spot 
beams with each carrier frequency providing one or more distinct 
communication channels so that a plurality of communication channels 
are available in each cell; 
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(b) establishing a fractional loading scheme for^lected spot beams so that 
the maximum number of channels used at any given time in the selected 
spot beams is less than the total number of available channels in the spot 
beams; and 

(c) spacing the co-channel spot beams to obtain the minimum acceptable 
code to interference ratio C/l based on said fractional loading scheme. 

19. The method according to claim 18 wherein the available communication 
channels in the fractionally loaded spot beams are assigned at random. 

20. The method according to claim 18 wherein the assignment of 
communication channels in the fractionally loaded spot beams is made to minimize the 
simultaneous use of the communication channel in all co-channel spot beams. 

21. The method according to claim 18 further including the step of 
establishing a threshold for the total number of simultaneous users in each spot beam. 

22. The method according to claim 21 further including the step of denying 
access when the threshold is reached. 

23. The method according to claim 21 further including the step of 
transmitting a test signal on an unused channel when the threshold is reached and 
performing a signal quality test to determine whether additional channels should be 
assigned. 

24. The method according to claim 23 wherein said signal quality test 
comprises testing the signal quality on the test channel. 

25. The method according to claim 23 wherein said signal quality test 
comprises testing the effect of the test signal on a channel already in use. 
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26. A method for reducing co-channel interf^rice in a cellular radio 
communication having a plurality of cells, comprising: 

(a) allocating the available carrier frequencies within the system to said cell 
with each carrier frequency providing one or more distinct communication 
channels so that a plurality of communication channels are available in 
each cell; 

(b) establishing a fractional loading scheme for selected cells so that the 
maximum number of channels used at any given time in the selected 
cells is less than the total number of available channels in the selected 
cells; and 

(c) allocating channels within each cell to users according to a pre- 
determined adaptive allocation scheme. 

27. The method of claim 27 wherein the adaptive allocation scheme includes 
selecting a channel within a cell based on the usage rate of that channel in ail co- 
channel cells. 

28. The method according to claim 26 wherein the assignment of 
communication channels in the fractionally loaded cells is made to minimize the' 
simultaneous use of the communication channel in all co-channel cells. 

29. The method according to claim 26 further including the step of 
establishing a threshold for the total number of simultaneous users in each cell. 

30. The method according to claim 29 further including the step of denying 
access when the threshold is reached. 
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31. The method according to claim 29 further including the step of 
transmitting a test signal on an unused channel when the threshold is reached and 
performing a signal quality test to determine whether additional channels should be 
assigned. 

32. The method according to claim 31 wherein said signal quality test 
comprises testing the signal quality on the test channel. 

33. The method according to claim 31 wherein said signal quality test 
comprises testing the effect of the test signal on a channel already in use. 
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(57) Abstract 

A fractional loading scheme is used to improve the spectral efficiency of a cellular system, and therefore increase the number of 
users that the system can support. The fractional loading scheme allows only a fraction of the total number of available communication 
channels within each cell to be used simultaneously. Thus, each cell is deliberately underloaded to operate at less than its full capacity. 
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^ AMENDED CLAIMS 

[received by the International Bureau on 16 June 1998 (16.06.98); 
original claims 1, 10 and 18 amended; original claim 2 cancelled; 
remaining claims unchanged (6 pages)] 

1 . A method for allocating frequencies in a cellular radio communication 
having a plurality of cells, comprising: 

(a) allocating the available carrier frequencies within the system to said 
cells with each carrier frequency providing one or more distinct 
communication channels so that a plurality of communication channels 
are available in each cell; 

(b) establishing a fractional loading scheme for selected cells so that the 
maximum number of channels used at any given time in the selected 
cells is less than the total number of available channels in the selected 
cells; and 

(c) spacing co-channel cells in said cellular communication system to meet 
a pre-determined signal quality standard based on said fractional 
loading scheme. 

2. cancelled 

3. The method according to claim 1 wherein the available communication 
channels in the fractionally loaded cells are assigned at random. 

4. The method according to claim 1 wherein the assignment of 
communication channels in the fractionally loaded cells is made to 
minimize the simultaneous use of the communication channel in all co- 
channel cells. 

5. The method according to claim 1 further including the step of establishing 
a threshold for the total number of simultaneous users in each cell. 
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6. The method a^fcrding to claim 5 further includii^the step of denying 
access when the threshold is reached. 

7. The method according to claim 5 further including the step of transmitting 
a test signal on an unused channel when the threshold is reached and 
performing a signal quality test to determine whether additional channels 
should be assigned. 

8. The method according to claim 7 wherein said signal quality test 
comprises testing the signal quality on the test channel. 

9. The method according to claim 7 wherein said signal quality test 
comprises testing the effect of the test signal on a channel already in use. 

10. A cellular radio communication system comprising: 

(a) a plurality of cells, each cell being assigned one or more carrier 
frequencies which provide a plurality of distinct communication 
channels in each cell; 

(b) said plurality of cells including at least one fractionally loaded cell in 
which the maximum number of channels in use at any given time is 
less than the total number of available channels in said cells; and 

(c) wherein co-channel cells in said radio communication system are 
spaced to meet a pre-determined signal quality standard based on said 
factional loading scheme. 

11. The cellular radio communication system according to claim 10 wherein 
the assignment of communication channels in the fractionally-loaded cells 
is made at random. 

12. The cellular communication system according to claim 10 wherein the 
assignment of communication channels in the fractionally-loaded cells is 
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made to minimifPthe simultaneous use of the complication channels in 
all co-channel cells. 

13. The cellular radio communication system according to claim 10 wherein a 
predetermined threshold is established for the total number of users in the 
fractionally-load cell which is less than the total number of the available 
channels. 

14. The cellular radio communication system according to claim 13 wherein 
the assignment of communication channels to users is blocked when the 
predetermined threshold is reached. 

15. The cellular radio communication system according to claim 13 wherein 
the assignment of communication channels to users once said 
predetermined threshold is reached is based on a signal quality test. 

16. The cellular radio communication system according to claim 15 wherein 
the signal quality test comprises transmitting a test signal on an available 
channel and measuring the signal quality of the test signal. 

17. The cellular radio communication system according to claim 15 wherein 
the signal quality test comprises transmitting a test signal on an available 
channel and measuring the effect of the test signal on other user's 
assigned the same channel in other co-channel cells. 

18. A method for increasing the number of users in a multiple beam satellite 
communication system having a plurality of spot beams comprising the 
steps of: 

(a) assigning the available carrier frequencies within the system to said 
spot beams with each carrier frequency providing one or more distinct 
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communic^n channels so that a plurality of c^munication channels 
are available in each cell; 

(b) establishing a fractional loading scheme for selected spot beams so 
that the maximum number of channels used at any given time in the 
selected spot beams is less than the total number of available channels 
in the spot beams; and 

(c) spacing the co-channel spot beams to obtain a pre-determined 
minimum signal quality standard based on said fractional loading 
scheme. 

19. The method according to claim 18 wherein the available communication 
channels in the fractionally loaded spot beams are assigned at random. 

20. The method according to claim 18 wherein the assignment of 
communication channels in the fractionally loaded spot beams is made to 
minimize the simultaneous use of the communication channel in all co- 
channel spot beams. 

21. The method according to claim 18 further including the step of establishing 
a threshold for the total number of simultaneous users in each spot beam. 

22. The method according to claim 21 further including the step of denying 
access when the threshold is reached. 

23. The method according to claim 21 further including the step of transmitting 
a test signal on an unused channel when the threshold is reached and 
performing a signal quality test to determine whether additional channels 
should be assigned. 

24. The method according to claim 23 wherein said signal quality test 
comprises testing the signal quality on the test channel. 
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25. The method flcording to claim 23 wherein s£ signal quality test 
comprises testing the effect of the test signal on a channel already in use. 

26. A method for reducing co-channel interference in a cellular radio 
communication having a plurality of cells, comprising: 

(a) allocating the available carrier frequencies within the system to said 
cell with each carrier frequency providing one or more distinct 
communication channels so that a plurality of communication channels 
are available in each cell; 

(b) establishing a fractional loading scheme for selected cells so that the 
maximum number of channels used at any given time in the selected 
cells is less than the total number of available channels in the selected 
cells; and 

(c) allocating channels within each cell to users according to a pre- 
determined adaptive allocation scheme. 

27. The method of claim 27 wherein the adaptive allocation scheme includes 
selecting a channel within a cell based on the usage rate of that channel in 
all co-channel cells. 

28. The method according to claim 26 wherein the assignment of 
communication channels in the fractionally loaded cells is made to 
minimize the simultaneous use of the communication channel in all co- 
channel cells. 

29. The method according to claim 26 further including the step of establishing 
a threshold for the total number of simultaneous users in each cell. 

30. The method according to claim 29 further including the step of denying 
access when the threshold is reached. 
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31. The method a^^ding to claim 29 further includind^e step of transmitting 
a test signal on an unused channel when the threshold is reached and 
performing a signal quality test to determine whether additional channels 
should be assigned. 

32. The method according to claim 31 wherein said signal quality test 
comprises testing the signal quality on the test channel. 

33. The method according to claim 31 wherein said signal quality test 
comprises testing the effect of the test signal on a channel already in use. 
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STATEMENT UNDER ARTICLE 19 

Pursuant to Article 19(1) the claims have been amended. In particular, claims 1 and 
10 have been amended to include the limitation that the co-channel cells be spaced to meet 
a predetermined signal quality standard based on the fractional loading of the cells in the 
communication system. In claim 18, the reference to "minimum acceptable code to 
interference ratio C/l" has been changed to "minimum signal quality standard." Claim 2 has 
been canceled since the additional limitation set forth therein has been incorporated into 
amended claim 1. 
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